Objective: To report on energy and nutrient intakes, as a risk factor for coronary heart disease in Indian South Africans. Design: Cross-sectional dietary study as part of a coronary heart disease survey. Setting: Metropolitan area of Durban, South Africa. Subjects: Free-living Indian men (n ¼ 406) and women (n ¼ 370) 15-69 years of age. Methodology: Dietary data were collected by three interviewers using a 24-h dietary recall and expressed as median intakes of macronutrients. Results: Results reported a low energy intake and the percentage of energy derived from total fat varied between 32.3 and 34.9% in men and between 33.1 and 36.1% in women. The energy intake to basal metabolic rate (EI : BMR) ratios were low for all age groups suggesting potential under-reporting. Intake of polyunsaturated fatty acids was high, more than 10% of energy, with a median polyunsaturated to saturated fatty acid ratio (P : S ratio) that varied between 1.38 and 1.96 for the various age and sex groups. Dietary cholesterol varied between 66 and 117 mg per 4.2 MJ in men and between 76 and 109 mg per 4.2 MJ in women. Dietary fibre intakes were low and varied between 8.0 and 11.0 g per 4.2 MJ in men and between 7.6 and 9.6 g per 4.2 MJ in women. Conclusions: The dietary P : S ratios were high and the effect of such a high P : S ratio on the oxidation of low density lipoprotein in this population, with a high prevalence of coronary heart disease (CHD), should be investigated as a possible risk factor for CHD.
In South Africa coronary heart disease (CHD) is by far the most important cause of death among the white and Asian population in the category of diseases of the circulatory system, and indeed it is the most important of all causes of death. In 1985 the annual age-specific mortality rates from CHD were 178/100,000 and 110/ 100,000 for white and Indian South Africans, respectively, and surpass by far that of a population of Euro-African-Malay descent (so-called 'coloured' population) (60/100,000) 1 . Black people had a minimal annual age-specific mortality rate from CHD, of 4/ 100,000 1 . In the UK the proportional mortality ratio (number of deaths) in South Asians, for the years 1970-78, was 121 for males and 118 for females 2 . There is variation in the patterns of mortality between different ethnic groups, for example the Punjabis, Gujaratis, Moslems and Southerners 3 . Regional variations in CHD has also been noted in India 4 . In the 1960s two population-based studies showed that the prevalence of CHD was low. In one study 5 on the general population 11 of the 1046 (1.04%) individuals older than 25 years of age who were studied, had CHD while in another random population survey in Delhi, 17 of the 1642 (1.03%) persons studied had CHD 6 . Recent information from India showed, however, a prevalence of 96.7/1000 (based on clinical and electrocardiographic criteria) in urban areas and 74/1000 (evaluated by Rose questionnaire and electrocardiogram) in urbanized rural areas 7 . The major risk factors for CHD observed in Indian South Africans were hypercholesterolaemia, hypertension, obesity (in women), smoking (in men) 8 and diabetes mellitus 9 . A study showed that 20% of Indian South Africans had hypercholesterolaemia while hypertension was found in 19% and diabetes mellitus in 16% 8 . Diet plays an important role in all of these risk factors for CHD. CHD is also a major cause of death in white and 'coloured' South Africans. Studies in the Western Cape have shown that these people follow a Western type of diet which is high in total fat and cholesterol and low in fibre, with a polyunsaturated to saturated fatty acid ratio (P : S ratio) that varied between 0.48 and 1.00 10, 11 . Since little is known about the dietary intake of Indian South Africans a dietary study was part of the investigations in the CHD survey undertaken on Indians living in the metropolitan area of Durban 8 . The aim of this article is therefore to report on nutrient intakes as possible risk factors for CHD in Indian South Africans.
Subjects and methods
The dietary study formed part of the coronary risk factor survey in the metropolitan area of Durban, Natal, and the sample selection for this study has been described in more detail by Seedat et al. 8 At the time of the study Durban was still divided into zones set aside for specific ethnic groups and the Indian areas were scattered throughout Durban. Information on the total Indian population of metropolitan Durban and that for each residential area were determined by the 1980 population census figures. The latter information, as well as the number of dwellings in each area, were obtained from the various municipalities included in metropolitan Durban. Using the number of dwellings and the population in each area, a fixed percentage population of 0.24% per area was selected for the study. Men (n ¼ 406) and women (n ¼ 370) who participated in the study were between the ages of 15 and 69 years and were permanent residents within the geographical area of metropolitan Durban. The exclusion criteria were: pregnancy and lactation, being bed-ridden, mental retardation, carcinoma and tuberculosis therapy.
The latest ratepayers' and electricity consumers' records were used for random selection of household addresses. One member of the family at each address was selected randomly for participation in the survey. The study started in May 1984 and was completed over a 2-year period.
A medical practitioner was trained by two senior dietitians from the Medical Research Council in the collection of dietary intake, using the same technique as for the Coronary Risk Factor Study (CORIS) 10 . This medical practitioner was responsible for the training of the fieldworkers who collected the data in the study on Indian South Africans. Food models, household measures and prepared dishes were used in the training programme to standardize the research workers' assessment of food portion size.
Each household randomly selected for the study, was visited on at least three occasions and during the second visit information on dietary intake was 8 . Three interviewers were responsible for collecting the dietary information by means of a 24-h recall. Information was collected on all food and liquids (except water) consumed during the day that preceded the interview unless the day was unusual in terms of dietary intake. If, for example, the respondent fasted on the previous day the 24-h dietary recall for the day before that was recorded. In order to help the respondents to remember what was eaten they were asked to relate all events of the day from the time they woke up until they went to bed. Standard measures, e.g. teaspoons, tablespoons, standard cup measures, large serving spoons and ladles, were used for estimating the size of the helping of food consumed. Portion sizes were also reported in terms of dimensions, e.g. for meat. Fruits and vegetables were graded into small, medium and large sizes. The second edition of the National Research Institute for Nutritional Diseases (NRIND Food Composition Tables) 12 were used for computer coding the dietary data for the type of food eaten. In the case of typical Indian dishes where the quantity of individual ingredients were uncertain, these dishes were prepared by the interviewers according to the recipe provided by the respondents and the quantity of each ingredient used was determined. This information was used to calculate the nutritional composition of a recipe and a new food item was added to the food composition tables with its own food code. The food intake was coded in accordance with the NRIND Food Composition Tables  12 and statistically 13 , using the mean weight (kg) and mean height (m) (YK Seedat et. al., unpublished data), for the different age and sex categories and the energy intake to BMR (EI : BMR) ratios were calculated 14 .
Results
Descriptive statistics for energy, macronutrient and cholesterol intakes are given in Table 1 for men and in 
Discussion
Low EIs were found in the Indian population and the median EIs of men and women were below the RDA 15 . In men the median EIs were approximately two-thirds of the RDA but in women it was only about 60%. When the 24-h dietary recall method is used for the collection of dietary data the sample size should be at least 50 per stratum 16 . This was achieved in all groups except men and women 55-69 years of age, but some caution may be required in interpreting these results particularly the low median EIs. Since we wanted to compare our data with those of other South African studies we also reported mean EIs despite the skewness of the data. The mean EIs found in the CORIS 10 study on white people and the Coronary Risk Factor Study on the Coloured Population (CRISIC) study 11 were higher than in the Indian study. In the CORIS study the mean EIs for the different groups varied between 92 and 100% of the RDA in men and between 72 and 78% of the RDA in women. Similar figures for the CRISIC study were 79.8-85% for men and 71.5-101.9% for women. In the CORIS as well as the CRISIC studies the 24-h dietary recall method was used 10, 11 . In agreement with the CORIS results, EI decreased with age but body mass index (BMI) increased with age. Especially in Indian women the dissociation between EI and obesity was prominent. Seedat et al. 8 showed that 21.6% of the women, 15-69 years of age, had a BMI exceeding 30.
The age-adjusted figure was 17.5%, using 1985 census figures for the Indian population of metropolitan Durban. Low physical activity has been observed in this population 8 . Since the dietary methodology was not validated at the time of the study it is difficult to speculate on the reasons for the low EIs reported, but it could be due to under-reporting. The low EI : BMR ratios support the suspicion of under-reporting since in none of the groups the EI : BMR ratio was above 1.55 which is the requirement for a sedentary lifestyle 14 . Black et al.
14 critically evaluated the EI data from published surveys and the EI : BMR ratios found in this study are in general lower than those reported. However, low EI : BMR ratios were also reported in the National Centre for Health Statistics (1979a,b) 14 , and the American 1971-74 study (National Health and Nutritional Examination Survey, NHANES) 14 , which also used the 24-h recall. The study on Indian South Africans showed lower EI : BMR ratios for women than for men and also showed a decrease of the ratios with age which is in agreement with the results of the NHANES studies reported by Black et al. 14 The median intake of protein by men 15-54 years of age met the RDA for protein (58-63 g), however, the median intake of men older than 55 years of age did not meet this guideline which could be ascribed to the reasons mentioned above. The median protein intake of women 25 years and older did not meet the RDA for protein (50 g). In this study a smaller percentage, approximately 57%, of protein was of animal origin compared to the Western diet 10 in which approximately 70% of the total protein intake usually comes from animal sources. Pea flour, peas, black lentils and sugar beans, which are all good sources of plant protein, form an important part of many Indian dishes. The majority of the study population (576), are Hindus and vegetarianism is common amongst the Hindus 17 but in this study only 11 subjects were vegetarians. Nevertheless, the relatively higher percentage of energy from plant protein compared to a Western diet 10 , indicates a more vegetable-and cereal-based diet in the subjects. In order to compensate for the possibility of underreporting, macronutrient intakes were mainly expressed as a percentage of EI instead of in absolute amounts. This showed that median protein intake met the prudent guideline of between 12 and 15% of total EI, although it did not meet the RDA in some age categories. There are indications in the literature that the percentage of energy from protein decreases significantly with an increase in the EI : BMR ratio but in the present study there is only an indication of such a trend in men 18 . An increase in the percentage of energy from fat with an increase in the EI : BMR ratio has been observed 18 , but not in the present study. Median total fat intake of both men and women exceeded the prudent dietary guideline of 30% of energy. The median total fat intake (approximately 35% of energy) of the Indians was approximately the same as the mean value (35.5%) reported for white people studied in the South-Western Cape 10 and lower than the figure (37%) reported for the 'coloured' urban population 11 studied in the Cape Peninsula. The percentage of energy from fat in the diet of Indian South Africans is, however, higher than the figures reported for Punjabis in north-west India, where 20-25% of the energy comes from fat 19 . The prevalence of CHD is low in Punjabi Indians and the median serum cholesterol levels of men (3.90-4.68 mmol l -1 ) and women (3.92-4.77 mmol l -1 ) are also lower than those found by Seedat et al. 8 for the Indian South African men (4.75-6.28 mmol l -1 ) and women (4.73-6.09 mmol l -1 ) on whom the dietary data was collected. The high total fat intake of Indian South Africans could in part explain the difference in CHD rates between these two Indian populations but it is important to note that the physical activity of the Punjabis is high and they do not smoke. It has also been shown that physical activity of South African Indians is probably low 8 . Seedat et al. 8 reported that 41.9% of Indian South African men with a history of CHD smoked ten or more cigarettes a day.
A salient characteristic of the Indian diet was the high intake of polyunsaturated fatty acids, more than 10% of energy. The median dietary P : S ratios of 1.09-1.77 in men and 1.26-1.64 in women (mean 1.38-1.96 in men and 1.55-1.95 in women, unpublished data) were high compared to the mean values of 0.85 in the CRISIC study and 0.54 in the CORIS study. Sunflower oil is often used in the preparation of typical Indian foods which can explain the high P : S ratio as well as the high vitamin E intake (20.0-25.7 mg in men; 16.8-23.3 mg in women; unpublished data) of the study population.
In this study very high P : S ratios were observed in those subjects who consumed a vegan-type diet with a curry sauce which had a high sunflower oil content. Miller et al. 20 showed that in Britain the dietary P : S ratio (0.52) of Indians is twice as high as that of Europeans (0.26). The high dietary P : S ratio was also reflected in the fatty acid composition of the plasma phospholipids and C18 : 2n-6 was significantly higher in the Indians than in the Europeans studied by Miller et al. 20 The high intake of polyunsaturated fatty acids might be of concern in Indian South Africans. It has been shown by Bonanome et al. 21 that the low-density lipoprotein (LDL) of human volunteers who followed a diet high in polyunsaturated fatty acids (30% of energy) is more prone to oxidation than those who followed a diet high in monounsaturated fatty acids (30% of energy). There are indications that oxidized LDL is atherogenic in humans 22 . Vitamin E is an important antioxidant present in the LDL particle 23 and in our study vitamin E intake (data not shown) was very high which could help to protect the LDL particle from oxidation. The potential of LDL to be oxidized is, however, more affected by the fatty acid composition of the LDL than by its antioxidant content 21 . In all the different age categories for men and women, median cholesterol intakes were low and met the prudent recommendation of 300 mg or less a day 24 . The dietary fibre intakes of the men and the women were lower than the prudent dietary guideline 24 of 20-30 g day -1 or 10 g per 4.2 MJ. In the CORIS as well as the CRISIC study figures for dietary intake of fibre were also low and were comparable to those found in the Indian study. The median sugar intakes of 58.5-71.6 g by men and women 15-54 years in this study, are in agreement with a mean intake of 60-70 g found in a study in India 19 . Albertse et al. 25 reported a median sucrose intake of 80 g for an Indian community of men and women 11-41 years and older residing in Cape Town.
Evaluation of risk factors other than diet indicated that the prevalence of hypertension is lower in Indian 8 than in white 26 and 'coloured' 27 South Africans. Smoking, however, seems to be an important risk factor since it was reported that 41.9% of Indian men 8 compared to 39.0% of 'coloured' 27 , 33.4% of white 26 and 24.7% of black 28 South African men smoked ten or more cigarettes a day. Although obesity was present in 21.6% 8 of women this figure is much lower than the figure of 44.4% 28 reported for black South African women in whom the prevalence of CHD is low. Obesity does not seem to be a problem, at least at present, in Indian men with only 3.2% reported to be obese. Diabetes mellitus was present in about 16% of Indian South Africans studied by Seedat et al. 8 A high prevalence of diabetes mellitus in Indians has also been reported in the UK 29 but it is believed that the prevalence of diabetes mellitus is lower in Indians from India 30 . It has been known for some time that Indians who live outside India have a higher prevalence of CHD than their counterparts living in their native country and this is also true for Indian South Africans 1 . This study has shown that the diet could contribute to the risk profile because it has elements of a typical Western diet, although elements of a prudent diet were also seen. The energy distribution for total fat intake and dietary fibre intakes of Indian South Africans were typical of a Western diet, dietary cholesterol intake and the P : S ratio of the diet were, however, more in agreement with the guidelines for a prudent diet. Singh et al. reported higher lipid peroxides in Indians with CHD, diabetes and those who smoked 31 . The very high P : S ratio of the diet of Indian South Africans is therefore of special concern and the effect of this high dietary P : S ratio on the oxidation of LDL should be investigated as a possible contributing risk factor for CHD in this population group.
The aetiology is clearly multifactorial. This study and Seedat et al. 8 confirmed that many risk factors for CHD were present in Indian South Africans. In this population group, the diet with its Western elements is probably one of the important risk factors for CHD. Annual age-specific mortality rates for CHD changed from 110/100,000 in 1985 to 96/100 000 in 1989 1 . The decline in mortality rates were 15.2% in men and 8.4% in women 1 . Due to a lack of information, one cannot say whether changes in dietary intakes could have contributed to this. There is definitely a need to determine what the contribution of the diet was to the incidence of CHD in the study population during the past decade. The present study indicated a need for changes in lifestyle and also showed that specific elements of the diet may carry a risk in terms of the development of CHD, especially the high P : S ratio of the diet. Only through re-evaluation of the study population will we be able to determine whether or not the necessary changes have taken place during the past decade and if there is a need to address the dietary inadequacies through appropriate nutrition intervention programmes.
